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choked, etc., and the temperature environmant. 

w l i k e  element design, has a well-estab~i8hed instability behavior over a range of 
pulrs gun dirturbancas (50 to 300 psi pk-pk initial amplitudes). Based on this, 

damp disturbance8 over this range of initial disturbances. 

T b  &ajee€er initially being in them €esto, a 16-spud like-on 

comparisons will be made as to the effectivenees of the resonating chambers to 

ious Princetorl tests have been spontaneously unstable, are planned to fupther 
explore the damping capabilitieb of the acoustic liner. In both the present 
and future tests location of active resonators and the resultant effect oh 
damping will be investigated. 

Future teats with unlike type impinging spud designs, which insprev- 

The first step in ths attempt to find a theoretical description of  
Ithe performance of an acoustical liner in a rocket combustion chamber was to Z O D W ~ - ~ ~ ~ ~ ~ ~ ~ ~  

* The final fabricated design required that seven resonating chambers be 
eliminated (nominal 60) because of leak problems with the copper weld and 
transducer, TEAL jet and pressure tap locations. 
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lation is imposed upon it have been found to be very nonlinear due to their 
heaF-denzze ea the  lrifietlc energy of the jet, 
tions ascribing t k s  response of the cavity are therefore n o t  treatable anal- 
ytically when the amplitude is large. 
numerically integrate a set of differential equations which describe the =on- 
1 inear situatibnTXiiiiefEiaI treatment ort€ie equatioiijs inpa mezn'ingfuit f - 0 ~ -  
is made possible only by the use of a high speed computer. 

The differeaial W u a  

Therefore, it has been the object to 

-Since there is an infinite variety of p o s s i b l e  combinations of the 

llowing is the ruwinary of a report in preparation involving 
earch related to nonlinear displacement. The work was per- 

rformed to investigate the breakup of a 
has been studied under a variety of steady 

on 
ora 

that chamber prssrrure fact 
aP- 

aporization rate is substantgal, a decrease in 
t increase in vaporization, leadr to a 
is effect becomes more pronounced th8 larger 

gime so long a8 the f 

lent region the effect of pressure depends on 

er pressure always accelerates jet breakup. 
er ohrvation, the jet velocity and jet diameter. For a very 

This can be attributed to the increased effect of air friction. The length of 
a vaporizlng Freon jet, however, sometimes decreases with chamber pressure and 
under other circumstances increases. Generally the evaporation procese becomes 
more important than air friction in controlling j e t  length when the jet diameter 
is large and get velocity is high. 

When 
jet breakup id 
evaporating or 

the gas in the chamber is subjected to acoustic osciHations, 
generally enhanced regardless of whether the f l u i d  is rapidly 

- not. The effect, though, is only  measurable in the laminar 
regime. 
mode pressure antinode) and oscillatory velocity are both about as effective 
in promoting the breakup of a non-evaporating fluid. 

At low steady-state chamber pressures, oscillatory pressure (standing 

At higher steady pressure 
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vaporizing fluid is essentially the same as a non-vaporizing fluid except 

high-amber pressure. As chamber pressure is lowered and vaporization ra tes  
increase, velocity oscillations become more effective than pressure oscillations. 

~~ ____ ~- -~ tha- ____ w+ ~~ - -~ 1 tat ion& -as eff*e a8 % O O C i ~ ~ i e ~  at-: 

_ _ ~  - Under none of the circumstances encountered in the experiment, did 
the w i n g  -ante jetxeakup to a greater extent than the standing mode." 

Photographic etudies using a window port to observe the velocity con- 
diti h diameter - __ rocket thrust chamber have shown the following: 

IV. %nlfmar Tr-gVarse and Longitudinal Studiee 

or transverre wave motion in a cylindrical 
IRM'7094 c-ter. A frame of rafarance 

a m  of zero amplitude at the stability limit.) It i r  

tho aPrplitude I8 rspremm-ted by E 
n to be determined through numerical invastiga?ion. 

= MH(n - a ), where H(n - no) 
During the period covered by this report one numerical method for in- 

tegrating the pertinent equations war conceived, underwent a ge~tetion period 
of "debugging" and alteration and finally bore some interesting and satisfying 
results . 

First of  all, the numerical results verify the predictions of the 



predictions were that the solution would have zero slope immediately before and 
- f ~ l l o _ t r j  %rhe rhefk and W n i t e  akpe one ng the-shock. 
This was precisely what th< numerical resu an infinite 810 

at a time one half period after the shock was found to be present for all 
values n f  n investigated. 

~Secondly, the msterical results s h o w  that a strong tendency exists 
for the wave form to become sinusoidal in shape as the stability limit is ap- 
proached. 

- - ~ -  - ~ _ _  -___ ~ ~~ ~ -- ~~ 

This is of course very encouraging as it indicates a convergence be- 
is ueing € of the order of the Mach number 
tmk € mall  xxmmared with Mach-number. 

. .. 

relationskip #(n - no)-: 2-93 (n - no) I 
rical results indicate that f o r  the case of 
h e  lag equal to one-half of the period is pre- 

eaonant case) the wave form of the solution tends toward the linear 

t the amplitude parameter, , can be 
the linear stability limit and toward a more sawtooth form far 

no) where M is the 

not lead t o  
ould be davel- 

farred to another project. 

with the arrival of new graduate student8 this 

The reactivation of this project will also be considered with the 
arrival of new students this month. 

V I I .  Droplet Wake Studies 

The linear analysis of droplet evaporation under oscillatory field 
conditions is still under way. Three simultaneous first-order linear differ- 
ential equations have been derived on the basis of small perturbations. The 
problem arises from the couplings of three unknowns; perturbations of droplet 
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velocities) goes i o  zero. 

reason is based on the physical argument that the singularity could n o t  exist 
and the relation 

A numerical method has been studied by simply 
~~~ ~- ~~ emitting the & s g & ~ ~  in the ~&&borkiod of the  s i w - p e i n t .  The 

is questionable in the vicinity of Re = 0 f o r  the unsteady case. So far, 
no stronPcevidtence supports such an argument. 

, series-expan- 
A v X O  . 

perturbation quantities of droplet valocity, temperature 
are functions of local conditions 

11 the per turba t ion8 approach 
@end upon local conditions at the singular point. 
employed in the ncrical integration se&m to be applicable. 

There- 

ntal data relating chamber pressure to droplet population wave 
fraquency were  premented in the annual report. 
water-alcohol mixtures in cold flow and hot firings of LOX/ALC in 9-inch diametar 
chambers waa also shown. Following this work an effort was made to lessen the 
data reduction difficultie. via use of photocells with frequency analyeis per- 
formad with the aid of IBM 1620 equipment. 
approaches may eventually offer the sought-after improvements, however, the 
present method involving streak camera photography and subsequent hand analysis 
remains the most reliable. 
baen obtained of tests utilizing surface tension reducing additives. 
are expected i n  the  next  few weeks. 

Correlation between water and 

Based upon the test analyzed such 

In the past weeks a nmuber of new records have 
Results 
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As discussed in the yearly status report, work on the chemical 
kinetic apparatus awaits a new underg 
the previous u n m 3 X u a t e  student PO 
that were required to match the 210'F maximum temperature of  the vaporizer. 
Plans are underway to increase this capability to 400-50O0F by the first of 

senting RP-1) 4 d  not be tested and instead &?erest w a s x o n  pentane. 
Even with pentane oxidation was not completed entirely within the duct and 
hence iso-pentane received the most extensive study. Both pentane-types ex- 

uate this fall. A brief report by 
8 out the necessary compromises 

the year. Based on the previous  l i m i t a t i o n s ,  C- E 2 T m  F W  ~~ ~~ 

hibited s i z a b l e  ignition delays with the iso-pentane ignition delay time 
proximately 105 milliseconds for the duct near 
1, on the other had, idkatsd a =action 

th. aarly camb\ution OI 
WIets. X= the case &&a 
4 x 4 grid provides a 0.67 inch spacing between 

opposdre $i-5jSZZ%Z-eys. 
j ec -€ace 
and Sxtire33FlF3nformation. However, such measurements are only at 1 / 2  
inch intervals using 1/4 inch diameter collector tubes. 

The degree of mixing a6 one moves frm the in- 
at% a collection apparatus which provides both mass 

For this reason the 
p t o k  ha6 been used with the RP-1 at 8 0 9  and ethylene 
185- . This approach provides continuous mixture 

actor. Comparisons between the two methods have been 
good -pially in the center of the injector (error6 of approximately 

-Si@SiG--o€ mixture ratio gradient8 which are often quite severe the - 
thomocoapl@ probe data appears t o  be more reprerentative of the conditions 

ng a t  7 incher indicates a relatively flat mixture ratio Close 
a ratio of 2.2 while at 3 inche8 the effect of each propel- 

The uadergraduate rhrdent who ha8 been working on 
part few months is currently filling in data involving 
injector face as well a8 Intermediate locations. Next 

It 

cwt. 

wek,@,x 6 srfdr vi11 be probed with a characterietic .44 inch spacing. 
is *tad - f n  th8 absence of gas recirculation and comburtion such cold 
flow U+tr cammt accurately reprerent the enviroment of actual f iring8 . 
Howa~c#, it 1s hoped that camparieons with velocity and combustion profile data 
will place the mixing procerr for like-on-like patterns in proper perspective. 

X. Property Mea8ursmclnte in Rocket Motors 

In a continuation of the study of energy balances based on wave strength 
at various axial atatieno in the square-motor, tests have focused most recently 
on the nozzle-and. Over the range of chamber pressures (300-300 peia) and rub- 
sonic Mach numbers ( . 05  to .3)  tested it was found that a sizeable fraction of 
the incident wave amplitude is absorbed at the nozzle-end. Hence the reflected 
wave rather than having an amplitude twice that associated with a single wave 



f a € P - a t  the 1.6 i3id of the SEiTe. Aft 
results certain problems of data recording (overshoot of the signal associated 
with the shock-type wave and frequency limits of the recording system) tend 

-~ ~ 
- ~ -  to limit the quantitative content, ~ ~~ -~ 

~ ~ 

Becauseof these shortcomings further testing will be limited until: 
1) new recording capabilities are available in the form of the Honeywell 7600 
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